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Abstract 
The study focused on the effects of technological progress and productivity on economic growth in Uganda 
within the, 1971 – 2009 period.  The study found out that growth in technological progress resulted in 
economic growth, whereas increase in either capital productivity or labor productivity gave rise to reduction 
in economic growth within the aforementioned period.  Capital productivity or labor productivity could have 
caused reduction in economic growth because labor productivity growth might have caused workers to enjoy 
more leisure instead of working more or growth in capital productivity could have made capital more efficient 
and resulted in more idle capacity; thus causing depletion of output through reduction in the capital or labor 
used in production.  Theoretical models developed were empirically tested after transforming them into the 
relevant econometric models.  The relevant variables were simulated from annual disposable income, annual 
real GDP and annual investment expenditures using the celebrated Cobb-Douglas production function.  
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1. Introduction 
The study examines the effects of technological progress and productivity on economic growth in Uganda 
from 1971  to 2009.  At a theoretical level the study is useful because it attempted to model actual levels of 
technology out of what economists most commonly take to be total factor productivity (TFP).  Total factor 
productivity is defined as the difference between the proportional change in output and proportional change in 
a Divisa index of inputs (Carlaw and Lipsey, 2003).  Besides the study argues that growth in either labor or 
capital productivity results in decline in economic growth. 
The reason for these has been advanced by the study to be due to increase in consumption of leisure 
following a rise in either capital or labor productivity because workers tend to trade off leisure for work as 
their incomes increase. 
2. Statement of the Problem  
 Generally most economists and in particular Casetti and Jones (1983, 1987), Casetti (1982b), Casetti 
(1984a, 1984b) and Hornstein and Krusell (1996) contend that increase in productivity results in output 
growth.  Theoretical models derived from the (i) Cobb-Douglas production function, (ii) profit function and 
(iii) relationships between leisure, income, labour and capital tend to refute this belief.  That may be because 
the worker tends to substitute leisure for income following the increase in productivity.  Wages may also be  
fixed varying as productivity increases  leading to depletion of output through leisure and loss of labour hour.. 
Secondly, Carway and Lipsey (2003) argue that total factor productivity (TFP) is often interpreted by 
many economists to measure technological progress and it promotes economic growth.  The major problem 
identified by Hulten (2000) is that various factors of TFP are not measured directly, but lumped together as 
residual.  They cannot be disaggregated within the pure TFP framework.  Moreover TFP is an outcome not a 
cause of anything and cannot be used by policy makers to affect economic growth. 
Carway and Lipsey (2003) argue further that TFP may be an indicator but is certainly not a policy 
instrument.  To them TFP, is not a measure of technological change as specified in Solow’s seminal 1956 and 
1957 articles.  Similarly, the study argues that TFP tends to overestimate or underestimate the technical 
progress.  In fact there is growing literature pointing out that productivity change is not an index of 
technological progress (Gordon, 2000).  Therefore, TFP is a misleading concept of productivity because: (a) 
critical examination of the Cobb-Douglas production function shows that the common TFP exceeds actual 
TFP by an amount equal to the growth in output, (b) most economists writing on total factor productivity 
might have not bothered to distinguish it from level of technology.  
3. Objectives of the Study  
x Simulation or generation of capital stock, labour stock, capital productivity, labour productivity, and level 
of technology series for Uganda for the period 1970 to 2009. 
x Analyses of the influence of capital stock, labor stock and level of technology on economic growth for the 
country within the aforementioned period. 
x Analyses of the effects of technological progress and productivity on economic growth in Uganda from 
1970 to 2009. 
x Test of whether the coefficient on the level of technical progress equals one.of the effects of technological 
progress. 
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4. Literature Review 
The review of literature focuses on estimation of effects of technological progress and productivity on 
economic growth.  After the review a new model linking technological progress and in productivity is 
constructed. 
4.1. The Cobb-Douglas production function 
The Cobb-Douglas production function in its functional forms is the most widely used in economics to 
represent relationship between output and inputs as advanced by Knut Wicksell (1851-1926) and statistically 
tested to provide evidence by Paul Douglas and Charles Cobb in 1928.  A linearly homogeneous Cobb-
Douglas Production function is represented by: 
EDLAKY   .………………………………………………………….. (1) 
Where Y = output, A  = level of technology = constant, = capital input, L = labour input, and ED , are 
constants determined by technology. 
The Cobb-Douglas production function used in macroeconomic modelling is given by 
DD  1LKQ  ………….……………………………………………….. (2)  
Where Q = output, K = capital and L = labour; and the model is first-order homogenous because the returns 
to scale is constant (Cobb and Douglas 1928, Vol.18, pp. 139-165).  
The modified Cobb-Douglas production function that the study intends to use is expressed by 
),,( LKAFLKAY   EDO .…………………...………………….. (3)
  
Where the returns to scale ( J ) of the model are given by  
EDOJ  ………………………..……………………………... (4) 
4.2. Estimation of the coefficient of technological progress and the effects of both technological progress and 
productivity on economic growth (output growth) 
The method to estimate the contribution of technological progress in economic growth is often based on 
the improved Cobb-Douglas production function by Tinbergen (1964) as cited in Liu Sifeng et al (2004: vol. 
33, pp. 303-304, Issue 2) and with Solow’s (1957: vol. 39, pp. 312-20)  “remaining value”. 
According to Liu Sifeng, Solow’s “remaining value” represents the contribution of all factors except fund 
and labor to output ratio.  However, Liu Sifeng et al (2004) argues that the method suffers form some serious 
defects, making it difficult to make reasonable estimates in a practical study.  This is because a lot of random 
factors also affect output growth leading to the overstatement of technological progress.  They went ahead to 
separate influences of other factors from the “remaining value” in order to obtain a better measurement of 
technological advance. 
Liu et al (2004), separated the “remaining value” into technological progress and random variation 
originating from other factors.  Their method may not be appropriate for estimating the effects of technical 
progress on economic growth because it does not consider technological progress directly at all.  Instead it 
estimates technological progress through time and may only give a better estimate of effect of time on output, 
but not that of technology. 
Thus given ED LKeAY rt0  ..…………………………………….. (5) 
Instead of using EDED LAKLKeAY rt   0  ……………………..... (6) 
K
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my study will employ a model given by  ..……..….. (7) 
In Liu and Sifeng et al model the level of technology is given.   Otherwise this present study is advancing 
a theory that level of technology varies exponentially with respect to output (i.e. 1zO ). 
The expression for measuring the rate of technological progress by Solow’s “remaining value” is   
)/()/()/()/( LLKKYYAA ''' ' ED  ....….……...… (8) 
In case the effects of non-technological progress, is not very pronounced it might difficult to obtain 
reasonable estimates using the “remaining value” formula.  If original data are employed based on a buffer of 
operation according to the theory advanced by Liu (1991: Vol. 3 No. 1, pp. 57-66), an application of GM (1, 
1) simulation and least-squares estimation may be employed to remove the influence of non-technological 
progress and random inflation.  As a result the estimated parameters and the relationship of output with fund, 
labor and the technological progress are made more accurate (Liu 2004: Vol. 33 No 2, p. 304). 
On the demand side the producers would tend to reduce their demand for labor because they would prefer 
to produce the same amount of output by employing less labor because labor productivity has increased in 
order to generate more profits.   
Therefore, output falls as productivity rises leading to the inverse relationship between productivity and 
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since the feasible area of production is where there is decreasing returns to scale i.e. 10  ED . 
Furthermore, the market labor supply curve is the sum of individual labor supply curves (Dwivedi, 2003: 
pp. 426-439).  As incomes reach the desired level for comfortable standard of living workers tend to prefer 
more leisure while higher wage rates create a disincentive for longer hours of work (Koutsoyaiannis, 1979: p. 
450).  Therefore workers would find it rational to work less to produce the same amount of output in case 
their productivity has increased (my emphasis). 
4.3. Using the Simple Profit Function to Derive the Effect of either Labour productivity or Capital 
Productivity on economic growth (output growth) 
In real terms the profit model of a firm which is free to choose its level of all inputs is given by: 
LrKY ZS  ………………………..…...……………………….. (11) 
Where S = real profit, Y = real income, = real rental rate of capital, and  Z = real wage rate.   
The above equation may be rewritten as: 
111 11    PP LKrY
L
Y
KrY S
Z
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Z
SS ………...……... (12) 
Where )/( KYKP  = capital productivity and )/( LYLP  = labor productivity. 
Partial derivatives of output )(Y with respect to capital productivity )( PK  and labor productivity )( PL are: 
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Thus decline in productivity can result in growth in output. 
5. Theoretical Framework of the Study 
5.1 Expressing Theory of Labour Productivity 
If some given mount of labour can take a amount of hours to produce Q units of output in a day then their 
labour productivity equals aQ / units of output per hour.  Similarly, if the same amount of labour is 
employed for b hours to produce Q units of output per day then its daily output equals bQ / .  If ab  then 
the labour becomes more productive when its productivity is bQ / than when its productivity is aQ / .  
Implying that labourers will save ba  hours for their leisure when labour productivity has increased by 
)/()/( aQbQ  .  Thus labour productivity )/()/( aQbQLp   becomes a function of leisure Z and is 
given by )()( LpfbaZ   or > @abbaQfZ /)(  .  Therefore, if daily amount of hours of work L
plus daily hours of leisure Z equals H hours, then labour function becomes )(LpZHZHL   .  Or   )./()/()/).(/()/( ppppppp LLLLLLLZLL w www w J . 
The labour growth and labour productivity growth relationship derived from the theory of excess capacity 
(i.e. leisure) is in agreement with the same relationship that can be derived from the definition of labour stock 
in terms of output and labour productivity.  Here we define labour as output per unit labour productivity i.e.  
pLQL /  or growth in labour stock is growth in output less growth in labour productivity i.e. 
)/()/()/( pP LLdQdQLdL  ………………………………..(15) 
Substituting labour productivity growth for labour growth in the Cobb-Douglas production function 
enables us to determine the potential influence of labour productivity on economic growth.  
5.2 Expressing Theory of Capital Productivity 
 Suppose a firm operating at full capacity can produce Q units of output in a day by employing 2K units of 
capital, then daily capital productivity of the firm equals 2/ KQ units of output per unit of capital.  If the 
capital productivity increased to KQ / units of output per unit of capital per day, then the same amount of 
output could be produced by bQ / in a day.  Such a production process generates excess capacity (i.e. idle 
capital stock) amounting to KK 2 units daily and capital productivity goes up by )./()/( 2 KQKQ   
As a result the idle capacity KKK  21 becomes a function of capital productivity as given by
)(11 KpKK  .  Total capital stock (i.e. assuming constant full capacity) includes idle capital stock 1K  and 
active capital stock K is expressed by KKK  12 .Or ).(1212 kPKKKKK     Differentiating 
the active capital stock function with respect to time we get )./)(/()/( 1 tKKKtK pp wwww ww
 Or   )./()/()/)(/()/( 1 pppppp KKKKKKKKKK w ww w P  
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Hence, increase in capital productivity results in depletion of the active capital stock.  The capital growth 
and productivity growth relationship derived from the theory of excess capacity is in agreement with the same 
relationship that can be derived from the definition of capital stock in terms of output and capital productivity.  
Here we define capital as output per unit capital productivity i.e. ./ pKQK   or growth in capital stock is 
growth in output less growth in capital productivity i.e. 
)/(()/()/( pp KKdQdQKdK  ……………………………. (16) 
Substituting capital productivity growth for capital growth in the Cobb-Douglas production function 
enables us to determine the potential influence of capital productivity on economic growth as depicted by the 
respective coefficients.  
6.  Methodology 
 Econometric Model 17 was useful in obtaining the coefficient of returns to scale 1E on capital K .  Time 
was measured in years running from 1970 to 2009.  We assumed that the aggregate output produced by the 
households each year depended on the amount of capital stock employed within a year. 
ttt KdYdd HEE  )(.)( 10  .......................................................... (17) 
Where 00  E , 10 1  E and tH is the disturbance term. 
Having derived 1E and )1( 1E they were used to simulate the labor stock series, Econometric Model 18 
became useful in providing the parameters 21,EE  of constant returns to scale after regressing K and L  on
Yd .  We assumed that the income the household got were as a result of only the capital and labor they 
supplied. 
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Where 00  E , 10 1  E , 10 2  E and tH is the disturbance term. 
Econometric Model 19 provided an alternative method of estimating parameters 21,EE . 
tttt LdKdYdd HEEE  )log(.)log(.)log( 210 ................... (19) 
Where 00  E , 10 1  E , 10 2  E and tH is the disturbance term. 
Econometric Model 20 provided a means of estimating 21,EE where is aggregate output Y in the economy 
and where use of technology is ignored. 
tttt LdKdYd HEEE  )(.)(.)( 210 .......................................... (20) 
Where 00  E , 10 1  E , 10 2  E and tH is the disturbance term. 
Econometric Model 21 indicates that output growth )1(/ tt YdY  is potentially caused by technical progress
)1(/ tt AdA , growth in capital stock )1(/ tt KdK and growth in labor stock ./ )1(tt LdL  
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Where 00  E , 01  E , 10 2  E , 10 3  E and tH is the disturbance term. 
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In Econometric Model 33 we assumed that the economy was operating in the long run because the long is 
a period of time whereby no variable is held constant.  Here we contended that capital productivity was 
influencing output through capital stock. 
Similarly labor productivity was influencing output through the labor stock.  In the Econometric Model 22 
we hypothesized that technological progress had the potential of increasing economic growth; whereas growth 
in either capital productivity or labor productivity had the potential of decreasing economic growth. 
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Where 00  E , 01 !E , 01 2  E , 01 3  E and tH is the disturbance term. 
Econometric Model 23 hypothesized that the actual level of technological progress could have  increased 
economic growth; whereas both capital and labor productivity growth could have  reduced economic growth. 
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Where 00  E , 11  E , 10 2  E , 10 3  E and tH is the disturbance term.  
6.1 Generating the Capital Stock Series 
We got the value of first term, 0K  in capital stock series by using the formula 
),/( 12
2
19690 IIIKK   where 1I is the level of investment in year 1 and 2I is level of investment in 
year 2.  The rest of the values in the capital stock series were got by using the formula ttt IKK  1 , 
where .2008,....,1970 t  In deriving the initial capital stock value ( 0K ) we assumed that growth rate in 
the capital stock at the beginning was stable i.e. growth rate of capital stock in year 1 was equal to that of year 
2.  Implying, ]./)[(]/)[( 112001 KKKKKK   Or )/()/( 1201 KIKI  since .1 ttt IKK   Or 
.1102 KIKI  Or ).( 10102 IKIKI    Or .)( 2012 IKII    Or )]/([ 1220 IIIK  .  It was this 
initial capital stock value that was used to obtain the subsequent values of capital stock for the rest of the 
years using the formula ttt IKK  1 , where .2008,....,1971,1970 t  
6.2. Generating the Labour Stock Series  
Regression of disposable income dY (i.e. output from plus households and investment sectors) was run 
on the capital stock K and the coefficient 333229.01  D on K was got.  (See Table: 1, Regression1). 
The coefficient on capital stock was employed to provide coefficient on labour stock 
666771.0)1( 1  D  (see Table 1, Regressions 2 and 3) producing the labor stock series using the formula:   )1/(1 11/ DD  KYL d .  At this level of production we assume constant returns to scale i.e. )1( 11 DD  . 
The t-test showed that the respective coefficients got out of regression  using growth rates were not 
significantly different from those obtained out of regression by using logarithms.  Likewise similar 
coefficients in regressions 1 and 4 in Table 1 were found not to be significantly different from each other.   
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Table 1: Estimation of Coefficient on Capital Stock Series for Generating the Labour Stock Series Based on 
Constant Returns to Scale. 
Regression 1 Regression 2 Regression 3 Regression. 4 
Dependent Variable D(Yd) D(Yd)/Yd(-1) D(LOG(Yd)) D(YD) 
D(K) 0.333229 0.316087 
D(K)/K(-1) 0.317837 
D(L)/L(-1) 0.670055 
D(LOG(K)) 0.333232 
D(LOG(L)) 0.666769 
Sample Period 1971-2009 1971-2009 1972-2008 1972-2008 
R-Squared 2R  0.668268 0.670055 1.000000 0.604962 
Adjusted 2R  0.666268 0.998761 1.000000 0.604962 
Durbin-Watson Stat. 2.049597 2.026484 2.120684 1.962022 
F-Statistic 30627.43 4.05E+10 
 
Note: All t – values were above 4.45, Prob. = 0.0000, Prob.(F-statistic) = 0.000000.  Since the p value of 
obtaining each of the t or F values above was zero, we rejected the null hypothesis that individually or 
together the independent variables had no effect on economic growth. Durbin-Watson tests showed no serial 
correlation in all regressions. 
6.3. Generating the Level of Technology Series 
A regression of Y was run on K and L to produce two parameters D  and E .  The level of technology A
series was then generated using the formula )./( ED LKYA  
  
From the relevant regressions our 
coefficients were found to be 261611.0 D  and 319791.0 E . Otherwise real level of technology Aa
series was generated by using the formula .
2mAAa     That was after considering the Cobb-Douglas 
production function and assuming that )./()/( AdAmAadAa  O Or ³ ³ )./()/( AdAmAadAaO  Or
AmAa lnln  O .  Or .)( mAAa  O   Or ,2/ mm AAAa   O since ./1 O m From the relevant 
regressions, 068842.1 m  giving 142423.12  m (See Table: 2, Regression 8). 
7.  Effects of Technological Progress, Capital Stock and Labor Stock on Economic Growth 
A 1 percent increase in level of technology, capital stock and labour stock were found to result 
respectively in 1.068842, 0.243589, 0.305964 percent increase in output (or economic growth).  The result 
showed that production of goods and services in Uganda was done under decreasing returns to scale since: 
1549553.0305964.0243589.0    ED . (See Table: 2, Reg. 1). 
The result tends to show that Uganda would increase her production faster if it invested more in acquisition 
and utilization of the relevant technologies.  
22   Jimmy Alani /  Procedia Economics and Finance  1 ( 2012 )  14 – 23 
Table 2: Estimation of Coefficients on Capital and Labour Stock Series, Generating the Level of Technology 
Series and Estimating the Effects of Technical Progress, Capital Stock, Labour Stock, Capital Productivity 
and Labour Productivity on Economic Growth. 
  Regression 5 Regression 6 Regression 7 Regression 8 
Dependent Variable D(Y) D(Y)/Y(-1) D(Y)/Y(-1)  D(Y)/Y(-1) 
D(K) 0.261611  0.316087 
D(L) 0.319791 
D(A)/A(-1) 1.068842 2.434768  
D(Aa)/Aa(-1)  0.935791 
D(K)/K(-1) 0.243589 0.242595 
D(L)/L(-1) 0.305964 0.306066 
D(Kp)/Kp(-1) -0.727085 
D(Lp)/Lp(-1) -0.811202 
Sample Period 1971-2009 1972-2008 1972-2008 1972-2008 
R-Squared 2R  0.908162 0.998162 0.990936 0.998171 
Adjusted 2R  0.905680 0.998053 0.990403 0.998064 
Durbin-Watson Stat. 1.89934 1.839259 2.082433 1.829777 
F-Statistic 365.8824 9229.986 1858.494 9279.383 
 
The Note: All t – values were above 4.45, Prob. = 0.0000, Prob.(F-statistic) = 0.000000.  Since the p value 
of obtaining each of the t or F values above was zero, we rejected the null hypothesis that individually or 
together the independent variables had no effect on economic growth.  Durbin-Watson tests showed no serial 
correlation in all regressions. 
We went ahead to test whether the coefficient O on technological progress was equal to 1.  Thus our null 
hypothesis was stated as: 1: 00  OH , against the alternative hypothesis: 1: 0 zODH .  The observed 
value of the t was found to be:    ).(./)( 0 OOO est   013509.0/)1068842.1(
 1.5013509.0/068842.0  .  Whereas the table value Tt  was found to be 6.3 .  Since the computed t
fell outside the acceptance region i.e. because 0005.0,332/,4 tttt nT   !  D we concluded that our estimate 
was significantly different from 1 at 0.1 percent level of significance. 
The implication of this finding was that the actual values of level of technology could have been 
represented by the Aa not the A series.  The actual levels of technology were found to be higher than the 
levels of technology that were in the empirical analysis of the study.  (See Table 2, Regressions 6 and 8).  The 
coefficient on the actual level technological progress was found to be 935791.0 which was equal to the 
reciprocal of the coefficient on technical progress used in the analyses of the study, implying that 
technological progress is not given.  Thus it can be deliberately promoted to increase economic growth.  This 
coefficient was also found to be significantly different from 1 at 0.1 percent level of  significance because 
  ).(./)( 0 OOO est   011796.0/)1935791.0( .1.50111796.0/064209.0  
 And .6.34.5 0005.0,332/,   !  ttt nn D  
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8.  Effects of Technological Progress and Productivity on Economic Growth 
This present section analyzed empirically the effects of technological progress and productivity on 
economic growth in Uganda from 1970 to 2008.  Ttechnological progress and decline in capital or labour 
productivity could have caused reductions in excess demand.   A 1 percent increase in technological progress, 
capital productivity and labour productivity were found to cause 2.4, -0.7, -0.8 percent increases respectively 
in output.  (Table: 2, Regression 7).  Furthermore, we found that a 1 percent increase in technological progress 
could more than double the output if accompanied by increases in both capital and labour productivity. 
Either labour or capital productivity had negative influences on economic growth.  This could have been so 
because workers might have preferred leisure to work when faced with growth in their labour productivity.  
Growth in capital productivity could have caused reductions in economic growth because within the feasible 
region of production, growth in capital productivity results in faster depletion of output.  Implying that within 
the given period producers might have converted more of their output stock to buy more capital stock for 
efficient utilization of the more productive capital stock available and for more efficient production.
  
9.  Conclusions 
Empirical findings involving data on Uganda within the 1971 – 2008 period the study  come up with some 
findings.  Firstly, growth in capital productivity or labour productivity cause decline in economic growth 
because growth in capital productivity or labour productivity depletes output through creation of excess 
capacity or preference of leisure instead of work (i.e. labour).  Secondly, capital growth, labour growth or 
technological progress result in economic growth.
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